Objective The aim of this study was to investigate the linkage among ambulance transports, the number of death and air temperature in Takamatsu area, Japan. Methods Monthly data of ambulance transports (total and acute disease) and the number of death from 2004 to 2012 were obtained from Fire Department Service in Takamatsu and Takamatsu city official website, Japan. Climate parameters for required period were also obtained from Japan Meteorological Agency. Population data in Takamatsu area were also used to adjust ambulance transports and the number of death. The linkage among ambulance transports, the number of death and climate parameters was evaluated by ecological analysis. Results Total ambulance transports (/a hundred thousand people/day) and ambulance transports due to acute disease (/a hundred thousand people/day) were 12.3 ± 0.9 and 6.8 ± 0.7, respectively. The number of death (/a hundred thousand people/day) was 2.5 ± 0.4. By quadratic curve, ambulance transports due to acute disease and the number of death were significantly correlated with the parameters of air temperature. However, the number of death was the highest in January and the lowest in August.
Introduction
It is well known that higher air temperature is closely associated with health problem such as heat stroke. We have previously reported that higher air temperature was closely associated with higher ambulance transports due to heat stroke by ecological study [1, 2] . In Takamatsu area, located on the northern shore of Shikoku Island, Japan, changes in mean air temperature were estimated 1.8°C for 50 years [3] , and higher air temperature was closely linked to higher total ambulance transports by using monthly data [4] . Taken together, higher air temperature and its related health problems have become public health challenge in Takamatsu area as well as all over Japan.
In turn, lower air temperature is also associated with severe health problems [5] [6] [7] [8] [9] [10] . We have also reported that lower air temperature was associated with higher frequency of ambulance transports in Sakata area located in northern part (Tohoku area) and cold climate area in Japan [11] . However, our hypothesis is that the number of death may not be directly associated with the number of ambulance transports, and the linkage among ambulance transports due to acute disease, the number of death and lower air temperature was not fully discussed in all over Japan. Therefore, in this pilot study, we evaluated the linkage among ambulance transports, the number of death and air temperature in Takamatsu area, Japan, which has a humid subtropical climate, by ecological study.
Method

Study area
Takamatsu area, Kagawa prefecture, Japan, which includes Takamatsu city, Miki-cho and Ayagawa-cho, is on the northern shore of Shikoku Island (in a temperate zone area). The population of Kagawa prefecture is approximately 1,000,000 and approximately 480,000 people are situated on the Takamatsu area. Currently, several public offices of Shikoku district are located in Takamatsu city. Although the surrounds of Takamatsu had been used primarily as paddy fields for agriculture, recently they have undergone rapid changes, developing into residential and/ or commercial areas. The area's emergency medical services are managed by Fire Department Service in Takamatsu, Japan.
Ambulance transports
Monthly incidence data of ambulance transports (total and acute disease) in Takamatsu area (Takamatsu city, Mikicho and Ayagawa-cho) were obtained from Fire Department Service in Takamatsu from 2004 to 2012 for 9 years [12] . We used total number of ambulance transports and the number of acute disease that excluded the number of other ambulance transports, i.e., traffic accidents, fire accidents and injuries [13] for this analysis.
Death
Monthly incidence data of death in Takamatsu city was also obtained from Takamatsu city official website for same period [14] .
Population
To adjust for population, annual population data in Takamatsu area (Takamatsu city, Miki-cho and Ayagawa-cho) and monthly population data in Takamatsu city for required period were also used for the analysis [12, 15] .
Climate parameters
Monthly climate parameters in Takamatsu area for the required periods were obtained from Japan Meteorological Agency [16] . Mean air temperature (°C), mean of the highest air temperature (°C), mean of the lowest air temperature (°C), the highest air temperature (°C), the lowest air temperature (°C), mean humidity (%), the lowest humidity (%) and daylight hours (h/month) were used for analysis.
Statistical analysis
Data are expressed as mean ± standard deviation (SD) values. Comparisons among more than three groups were performed by ANOVA and Scheffe's F test. p \ 0.05 was considered to indicate statistical significance. In addition, quadratic curve was applied to the link between ambulance transports, the number of death and climate parameters.
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Results
Data of ambulance transports (total and acute disease), the number of death and climate parameters from 2004 to 2012 in Takamatsu area were summarized in Table 1 . Ambulance transports (/a hundred thousand people/day) and the number of death (/a hundred thousand people/day) were 12.3 ± 0.9 (total ambulance transports), 6.8 ± 0.7 (ambulance transports due to acute disease) and 2.5 ± 0.4 (death), respectively. Mean air temperature was 16.8 ± 8.1 (4.1-30.4) (°C).
Comparison of ambulance transports and the number of death as classified by month groups are shown in Table 2 . The number of death in January was significantly higher than that in other months (except February). The number of death in February was also significantly higher than that in June, July, August and September. Thus, the number of death in January was the highest and that in August was the lowest. However, there were no significant differences between total ambulance transports and ambulance transports due to acute disease among months. The number of total ambulance transports and ambulance transports due to acute disease was the highest in December and that was the lowest in June, but not at a significant level (Table 2) .
We estimated the relation between ambulance transports (/a hundred thousand people/day) and climate parameters by quadratic curve (Table 3) . Total ambulance transports were weakly associated with mean air temperature, mean of the highest air temperature, mean of the lowest air temperature and the lowest air temperature. Ambulance transports due to acute disease were also associated with mean air temperature, mean of the highest air temperature (r = 0.463, p \ 0.0001) (Fig. 1) , mean of the lowest air temperature, the highest air temperature, the lowest air temperature and the lowest humidity. The correlation coefficients between ambulance transports due to acute disease and the mean of the highest air temperature were the highest among variables. From the regression line, a 22.3°C in mean of the highest air temperature was corresponded to a change point of ambulance transports due to acute disease.
The relationship between the number of death (/a hundred thousand people/day) and climate parameters by quadratic curve was also evaluated ( Table 4 ). The number of death was significantly correlated with climate parameters (except daylight hours). The correlation coefficients between the number of death and the mean of the highest air temperature was also the highest among variables (r = 0.703, p \ 0.0001) (Fig. 2) .
Finally, by simple correlation analysis, the number of death was significantly correlated with ambulance transports due to acute disease in Takamatsu area, Japan (r = 0.418, p \ 0.0001).
Discussion
In this study, we firstly evaluate the linkage among ambulance transports, the number of death and air temperature in Takamatsu area, Japan. Lower air temperature was closely associated with higher ambulance transports and death. However, the higher air temperature was associated with ambulance transports, but not the number of death. Ou et al. [5] reported that a subtropical city Guangzhou showed a clear seasonal pattern in mortality, with a shaper spike in winter. Wanitschek et al. [6] reported that the average temperature increase of 7.5°C from the cold to the warm winter was associated with a decrease in acute coronary angiographies. Cancer mortality, which was more remarkably in elderly, was also associated with cold air temperatures [7] . Low air temperatures were significantly associated with intestinal infectious diseases, respiratory diseases, endocrine, nutritional and metabolic diseases [8] . Also in Japan, Tanaka et al. [9] evaluated the mortality due to ischemic heart disease and cerebrovascular disease among Okinawa and Osaka area, and found that lower mortality from ischemic heart disease and cerebrovascular disease in Okinawa is affected, at least in part, by Okinawa's warm winter. Abe et al. [10] showed the cold air temperature is related to an increased risk of asthma in adults.
In this study, lower air temperature was closely associated with higher ambulance transports and higher incidence of death in Takamatsu area. However, higher air temperature was clearly correlated with higher ambulance transports as previous reports, but not obviously correlated with higher death. Therefore, there was a discrepancy between higher air temperature-related ambulance transports and the number of death, suggesting that higher ambulance transports may not be directly related to death. It is well known that higher ambulance transports due to heat stroke are closely linked to higher air temperature [1, 2] . However, in fact, the number of death due to heat stroke in Japan was reported to be only 1,718 subjects in 2010 [17] . In addition, in Japan, the first factor of death is cancer, and then followed by heart disease, pneumonia and cerebral vascular disease (CVD) [18] , especially pneumonia increased remarkably. It is well known that these factors are associated with low air temperature [6] [7] [8] [9] . Therefore, these factors may affect the relationship between low air temperature and the number of death in Takamatsu area as well as all over Japan. Global warming and its related health problem have become public challenge in Japan as well as in the world. Taken together, when we estimate the changes in ambulance transports and the number of death in future, the effect of low air temperature on ambulance transports and death should be taken into account. From this pilot study, the number of death may reduce, in turn, changes in the number of ambulance transports could not be estimated clearly. Nevertheless, it seems reasonable to suggest that simply dealing with low air temperature effect, i.e., innovation of the thermal energy metabolism in cities and individual and group coping [19] with low air temperatures may be required in Takamatsu area as well as all over Japan. Potential limitations still remain in this study. First, we used an ecological study. The linkage among ambulance transports, the number of death and air temperatures, which was noted in this study, may not apply for the link among individuals. Second, detailed daily and individual (i.e., age and sex) data of ambulance transports and death could not be obtained and analyzed in this study. Therefore, these factors may affect the relationship between low air temperature and the number of death in Takamatsu area as well as all over Japan.
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